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
6HUJLR6DQ]5RGUtJXH]   0DQXHOGH)UXWRV/ySH],YiQ*RQ]iOH]'tD]-HV~V&LG6XHLUR

'HSDUWPHQWRI6LJQDO7KHRU\DQG&RPPXQLFDWLRQV
8QLYHUVLGDG&DUORV,,,/HJDQpV0DGULG6SDLQ


$%675$&7

$UDWHFRQWURO 5&DOJRULWKPIRU+YLGHRFRGLQJZLWK
VWRUHG% 6% SLFWXUHV LV SURSRVHG IRU ORZ GHOD\
DSSOLFDWLRQV 'LIIHUHQW PRGHOV IRU 3 DQG 6% SLFWXUHV DUH
GHILQHGIRUDEHWWHU43DQG0$'HVWLPDWLRQ)XUWKHUPRUHD
QRYHOVDZWRRWKVKDSHGPRGHORIWDUJHWEXIIHUOHYHOKDVDOVR
EHHQLQWURGXFHGIRUDSURSHUELWDOORFDWLRQLQ*23VWUXFWXUHV
ZLWK 6% SLFWXUHV 2XU H[SHULPHQWDO UHVXOWV VKRZ WKDW WKLV
SURSRVDORXWSHUIRUPVWKHUHIHUHQFHVRIWZDUH5&LQWHUPVRI
EXIIHU RFFXSDQF\ DQG WDUJHW ELW UDWH DGMXVWPHQW DW WKH
H[SHQVHRIVOLJKWTXDOLW\UHGXFWLRQ
,QGH[7HUPV²+ UDWH FRQWURO VWRUHG% SLFWXUHV
ELWDOORFDWLRQORZGHOD\


,1752'8&7,21

7KH QHZ YLGHR DSSOLFDWLRQV GHPDQG ERWK KLJK TXDOLW\ DQG
ORZ ELW UDWHV +$9& DFKLHYHV PXFK KLJKHU FRGLQJ
HIILFLHQF\ WKDQ WKDW RI WKH SUHYLRXV VWDQGDUGV ,WV PDLQ
LPSURYHPHQWV DUH FRQFHQWUDWHG LQ PRWLRQ FRPSHQVDWLRQ
ZLWKYDULDEOHEORFNVL]HTXDUWHUSL[HOPRWLRQYHFWRUVDQGXS
WRVL[WHHQUHIHUHQFHIUDPHV1HZHQWURS\FRGLQJWHFKQLTXHV
DUHDOVRGHILQHGLQFOXGLQJ&$%$&DQG&$9/&PRGHV

%HVLGH WKHVH QHZ WRROV D 5& VFKHPH QRW VWDQGDUGLVHG
PXVW EH GHILQHG WR FRPSO\ ZLWK QHWZRUN FRQVWUDLQWV
DYDLODEOH UDWH RU GHOD\ LQ WUDQVPLVVLRQ RU VWRUDJH
DSSOLFDWLRQV$Q DGDSWLYH5& VFKHPH KDVEHHQ DGRSWHGE\
WKH -RLQW 9LGHR 7HDP -97 IRU + >@ ,W KDV EHHQ
ZLGHO\VWXGLHGWRLPSURYHWKHWDUJHWELWDVVLJQPHQW>@LWV
EHKDYLRXU LQQRQVWDWLRQDU\ VLWXDWLRQV >@DQG LWV HIILFLHQF\
IRU VSHFLILF DSSOLFDWLRQV > @ 2WKHU VWUDWHJLHV KDV DOVR
EHHQSURSRVHGVXFKDV>@ WRHQKDQFHWKHTXDOLW\0RVWRI
WKHVHSURSRVDOVKDYHEHHQWHVWHGZLWK,33FRGLQJSDWWHUQV

%LSUHGLFWLYH % SLFWXUHV DOORZ IXUWKHU UDWH UHGXFWLRQ WKDQ
SUHGLFWLYH 3 E\ FRPELQLQJ EORFNV IURP WZR SUHYLRXVO\
FRGHGIUDPHVUHGXFLQJUHVLGXDOGDWD5HIHUHQFHSUR[LPLW\LV

7KLVZRUNKDVEHHQVXSSRUWHGE\352'<66/
DOVRDNH\ IDFWRU IRUDQDFFXUDWHSUHGLFWLRQDQG WKHUHIRUHD
EHWWHU TXDOLW\ FDQ EH DFKLHYHG E\ XVLQJ 6% SLFWXUHV
8QIRUWXQDWHO\ WKH XVH RI WKLV NLQG RI SLFWXUHV KDV EHHQ
LJQRUHGLQSUHYLRXVZRUNVFRQFHUQLQJ5&LQ+

7KHXVHRI%SLFWXUHVLPSOLHVDQRWLFHDEOHGHOD\τ τ  τ  
ZKHUHτ   LV DQ LQKHUHQWGHOD\ LQYROYHG LQ WKH UHRUGHULQJRI
SLFWXUHVDQGτ   LVDGHOD\LQWURGXFHGGXHWRWKHEXIIHUVL]H
QHHGHG WR VPRRWK UDWH YDULDWLRQV HVSHFLDOO\ ZLWK WKH 5&
GHVFULEHG LQ >@ 7KHUHIRUH LW LV QRW XVXDO WRZRUNZLWK%
SLFWXUHV LQ ORZGHOD\ DSSOLFDWLRQV +RZHYHU WKH SURSRVHG
5& IRFXVHV RQ VROYLQJ WKLV GUDZEDFN E\ LQFOXGLQJ 6%
SLFWXUHPDQDJHPHQW$EHWWHUEXIIHUFRQWURODQG WDUJHW UDWH
DGMXVWPHQWDUHDFKLHYHGDQGτ  LVFRQVLGHUDEO\UHGXFHG

7KH UHVW RI WKHSDSHU LV RUJDQLVHG DV IROORZV ,Q VHFWLRQ
WKH PDLQ LPSURYHPHQWV RYHU >@ DUH GHVFULEHG 6HFWLRQ 
PDNHV D GHVFULSWLRQ RI H[SHULPHQWV )LQDOO\ D VHW RI
FRQFOXVLRQVDQGIXUWKHUOLQHVDUHHVWDEOLVKHGLQVHFWLRQ

352326('5$7(&21752/)25*23
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
7KHSURSRVHG5&LVEDVHGRQ>@DQGZRUNVLQWKUHHOHYHOV
*23 OD\HU SLFWXUH OD\HU DQG EDVLF XQLW OD\HU ,Q WKH
IROORZLQJ VXEVHFWLRQVZH GHVFULEH WKH FRQWULEXWLRQV RI WKLV
SDSHUIRU6%SLFWXUHPDQDJHPHQWDWHDFKOHYHO

*23OD\HU

7KH *23 OD\HU VHWV WKH LQLWLDO YDOXH RI WKH TXDQWL]DWLRQ
SDUDPHWHU ( )43  IRU HDFK*23 LZLWK L!E\DYHUDJLQJ
WKH43YDOXHVRIDOO LQWHUVWRUHGSLFWXUHV 3DQG6%W\SHV
7KXVPRUHGDWDWKDQLQWKHRULJLQDO5&DUHXVHGWRFRPSXWH
WKHDYHUDJH43YDOXH

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1
ZKHUH ( )−L1  LVWKHWRWDOQXPEHURI3DQG6%SLFWXUHVLQ
WKH ( ) L − *23 ( )−L6XP43  LV WKHVXPRIWKHLUDYHUDJH
SLFWXUH43YDOXHVDQG 
−
1  LV WKHWRWDOQXPEHURISLFWXUHV
LQWKHODVW*23

3LFWXUHOD\HU

$W WKLV OHYHO WKH43YDOXH LVFRPSXWHGIRUHDFKSLFWXUH$
FHUWDLQ DPRXQW RI WDUJHW ELWV IRU WKH  M  SLFWXUH LQ WKH  L 
*23 LV DOORFDWHG WKHQ WKH 43 YDOXH LV GHWHUPLQHG E\ D
TXDGUDWLF PRGHO DQG DIWHU FRGLQJ WKH SLFWXUH WKH PRGHO
FRHIILFLHQWVDUHXSGDWHGVHH>@IRUGHWDLOV

%LWDOORFDWLRQ

,QWKHRULJLQDO5&%SLFWXUHVDUHQRWXVHGDVUHIHUHQFHDQG
WKXV WKH TXDOLW\ DVVLJQHG WR WKHP LV ZRUVH WKDQ WKDW RI 3
SLFWXUHV 7KHUHIRUH WKH RULJLQDO 5& GRHV QRW QHHG WR
HVWLPDWHDQ\DPRXQWRI WDUJHWELWV DQGVLPSO\XVHVD OLQHDU
LQWHUSRODWLRQPHWKRG WRREWDLQ WKH43YDOXHIRU%SLFWXUHV
%HVLGHV RI WKLV ZKHQ 6% SLFWXUHV DUH JRLQJ WR EH XVHG DV
UHIHUHQFHV WKH\ VKRXOG EH HQFRGHG ZLWK EHWWHU TXDOLW\ WR
LPSURYHWKHLQWHUSUHGLFWLRQ)XUWKHUPRUHLQWKHRULJLQDO5&
WKH EXIIHU IXOOQHVV LV RQO\ PRQLWRUHG EHIRUH FRGLI\LQJ 3
SLFWXUHV 7KLV VXSSRVHV D VHULRXV SUREOHP LQ ORZGHOD\
DSSOLFDWLRQVIRU*23VWUXFWXUHVZLWK%SLFWXUHVEHFDXVHRI
WKH SRWHQWLDO RYHUIORZXQGHUIORZ ULVN LQ YLGHR VHTXHQFHV
ZLWKVFHQHFXWVRUKLJKFRPSOH[LW\

,Q RUGHU WR FLUFXPYHQW WKH DIRUHPHQWLRQHG GUDZEDFNV WKLV
SDSHU IRFXVHV RQ ELW DOORFDWLRQ HQKDQFHPHQW E\ LQFOXGLQJ
ERWK 3 DQG 6% SLFWXUHV LQ IRUPXODV 7KH OLQHDU PRGHO RI
WDUJHW EXIIHU IXOOQHVV LQ >@ LV D VXLWDEOH VROXWLRQ IRU ORZ
GHOD\ FRQVWUDLQV EXW LW LV RSWLPL]HG IRU ,33 FRGLQJ
SDWWHUQV$Q DOWHUQDWLYH LV SURSRVHGZKLFK DOVRPRGHOV WKH
EXIIHU WLPH YDULDWLRQZKHQ6%SLFWXUHV DUH LQFOXGHG LQ WKH
*237KLVNLQGRISLFWXUHVQHHGVIHZHUELWVWKDQ3SLFWXUHV
WRDFKLHYHVLPLODUSHDNVLJQDOQRLVHUDWLR3615YDOXHV$V
FRQVHTXHQFHWKHWDUJHWELWVIRU3DQG6%SLFWXUHVVKRXOGQRW
EH WKH VDPH DQG WKHQ WKH RULJLQDO OLQHDU PRGHO EHFRPHV
XQVXLWDEOH IRU WKH ELW DOORFDWLRQ WDVN $ QHZ VDZWRRWK
VKDSHG PRGHO LV DVVXPHG VHH )LJ  7KH WDUJHW EXIIHU
OHYHODIWHUHQFRGLQJWKH  M SLFWXUHLQWKH  L *23 ( )M6  
LVGHWHUPLQHGE\

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ZKHUH ( )!
"
#:  DQG ( )$
%
& ':  DUH WKH DYHUDJH FRPSOH[LW\
ZHLJKWVRI3DQG6%SLFWXUHV LQ WKH LQWUDSLFWXUHRI WKH L 
*23 FRPSXWHG DV LQ >@ UHVSHFWLYHO\/ LV WKH QXPEHU RI
VXFFHVVLYH%SLFWXUHVEHWZHHQ WZR3SLFWXUHV ( )M5 (  LV WKH
DFWXDOWDUJHWELWUDWHDQGILVWKHIUDPHUDWH7KH*23WDUJHW
EXIIHU OHYHO *23B7%/ LV VHW WR ]HUR LQ WKH H[SHULPHQWV
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
)LJ  7DUJHW EXIIHU RFFXSDQF\ IRU D *23 ZLWK RQO\ 3
SLFWXUHVOLQHDUPRGHODQGLQFOXGLQJ6%SLFWXUHVVDZWRRWK
VKDSHGPRGHO

7KH WDUJHW ELWV IRU WKH ) *M  SLFWXUH LQ WKH  L *23 ( )M7a+ 
GHSHQGVRQWKHFRPELQDWLRQRIWKHWDUJHWELWUDWHWKHIUDPH
UDWHDQGWKHDFWXDOEXIIHURFFXSDQF\ ( )M9 , 

( ) ( ) ( ) ( )( )M9M6I
M5M7a --
-
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−⋅+= γ 

ZKHUHγLVDFRQVWDQW7KHQXPEHURIUHPDLQLQJELWV ( )M% - 
VKRXOGDOVREHFRQVLGHUHGIRUDEHWWHUDGMXVWPHQW
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ZKHUH 8
9
:1  DQG ;
<
= >1  DUH WKH QXPEHU RI UHPDLQLQJ3 DQG
6% SLFWXUHV UHVSHFWLYHO\ 8VXDOO\ 6% SLFWXUHV QHHG IHZHU
ELWV WKDQ 3 SLFWXUHV WR DFKLHYH VLPLODU TXDOLWLHV DQG
WKHUHIRUH ( ) ( ) −<− M:M: ?
<
?
<
= > 7KHQWKHWDUJHWELWVDUHD
ZHLJKWHGFRPELQDWLRQRI ( )M7a@ DQG ( )M7Ö @ 
2
( ) ( ) ( ) ( )M7aM7ÖM7 AAA ⋅−+⋅=  

ZKHUHβ LVDFRQVWDQW)LQDOO\ ( )M7 B LVERXQGHGLQRUGHUWR
FRQIRUP WR K\SRWKHWLFDO UHIHUHQFH GHFRGHU +5'
FRQVWUDLQWV>@

43HVWLPDWLRQ

7KH 43 IRU C DM  SLFWXUH LV REWDLQHG WKURXJK D TXDGUDWLF
PRGHO ZKLFK GHSHQGV RQ WKH WDUJHW ELWV DQG WKH PHDQ
DEVROXWH GLIIHUHQFH 0$' +RZHYHU 0$' LV RQO\
DYDLODEOHDIWHUSLFWXUHHQFRGLQJHJJFKLFNHQGLOHPPDVRD
OLQHDOUHJUHVVLRQPHWKRGLVXVHGWRSUHGLFWLW6LPLODUO\WR>@
WKH SURSRVHG DOJRULWKP ZRUNV ZLWK GLIIHUHQW SUHGLFWLRQ
PRGHOVIRU0$'DQG43IRUHDFKW\SHRIVWRUHGSLFWXUH

%DVLFXQLWOD\HU

$ EDVLF XQLW %8 LV D JURXS RI0%V LQ UDVWHU VFDQ RUGHU
ZKLFKVKDUHWKHVDPH437KHQXPEHURI0%VLQD%8PXVW
EHDIUDFWLRQRIWKHWRWDOQXPEHURI0%VLQDSLFWXUH6LQFH
WKH DLPRI%8 OD\HU LV D ILQH DGMXVWPHQW RI WDUJHW ELWV WKH
EXIIHU RFFXSDQF\ OHYHOV DUH GHFUHDVHG SRVVLEO\ DW WKH
H[SHQVHRIVOLJKW3615UHGXFWLRQV

$QDGGLWLRQDOIHDWXUHRISURSRVHGDOJRULWKPLVWKDW%8OD\HU
LV QRZ LQFOXGHG IRU 6% SLFWXUHV 7KHUHIRUH VHSDUDWH
SUHGLFWLRQPRGHOVDUHDOVRXVHGIRUERWK3DQG6%SLFWXUHV
KHUH$QRWKHUPLQRUFKDQJHLV WKDW LQRUGHUWRREWDLQPRUH
UHOLDEOHSUHGLFWLRQVFRORFDWHG%8VPXVWEHORQJWRWKHODVW
VWRUHG SLFWXUH RI WKH VDPH W\SH ZKHQ FRPSXWLQJ 0$'
HVWLPDWLRQIRUFXUUHQW%8

(;3(5,0(176$1'5(68/76

7KH SURSRVHG 5& IRU ORZGHOD\ DSSOLFDWLRQV DQG *23
VWUXFWXUHVZLWK6%SLFWXUHVLVFRPSDUHGZLWKWKHRULJLQDO5&
>@ DGRSWHG E\ WKH -97 VRIWZDUH YHUVLRQ -0 >@ 7ZR
VHWVRIVHTXHQFHVKDYHEHHQGHILQHG7KHILUVWRQHLQFOXGLQJ
VFHQH FXWV DQG KLJK FRPSOH[LW\ VHTXHQFHV DUH OLQNLQJV RI
³3DULV´ DQG ³)RRWEDOO´ QDPHG ³3DULIRRW´ LQ 7DEOH  DQG
OLQNLQJV RI ³*DUGHQ´ ³6WHIDQ´ DQG ³)RRWEDOO´ 6HTXHQFHV
IURP WKH VHFRQG VHW DUH W\SLFDOO\ XVHG LQ YLGHR FRGLQJ
H[SHULPHQWV³0RELOH´³)RRWEDOO´DQG³+LJKZD\´$WRWDO
RISLFWXUHVDWIUDPHVSHUVHFRQGKDYHEHHQHQFRGHG
IRUHDFKVHTXHQFH7KH*23VWUXFWXUHLVGHILQHGDVWZR6%
SLFWXUHV EHWZHHQ , RU 3 SLFWXUHV DQG DQ ,QWUD SLFWXUH HDFK
VHFRQG 5' RSWLPL]DWLRQ KDV EHHQ GLVDEOHG IRU UHDOWLPH
FRGLQJ DSSOLFDWLRQV DQG V\PERO PRGH LV &$9/& 7KH γ
DQG β YDOXHV DUH VHW WR  LQ WKH H[SHULPHQWV ZLWK WKH
SURSRVHG5&,Q-05&ERWKγDQGβKDYHEHHQFKRVHQ
EDVHGRQH[SHULPHQWVZLWKDPLQLPDOSHDNEXIIHURFFXSDQF\
3%2FULWHULRQ7KHLUILQDOYDOXHVKDYHEHHQVHWWRDQG
 UHVSHFWLYHO\ GHIDXOW YDOXHV VXJJHVWHG LQ >@ 6HYHUDO
%8VL]HVKDYHEHHQWHVWHGEXWDYDOXHRI0%VDURZRI
0%VLQ&,)IRUPDWKDYHEHHQFKRVHQDVDQDSSURSULDWHVL]H
IRUORZGHOD\DSSOLFDWLRQV

/XPLQDQFH 3615 DYHUDJH DQG VWDQGDUG GHYLDWLRQ WDUJHW
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